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Abstract. Data warehouse system is used to support the process of organizational decision making. Hence, the system 
must extract and integrate information from heterogeneous data sources in order to uncover relevant knowledge suitable 
for decision making process. However, the development of data warehouse is a difficult and complex process especially 
in its conceptual design (multidimensional modeling). Thus, there have been various approaches proposed to overcome 
the difficulty. This study surveys and compares the approaches of multidimensional modeling and highlights the issues, 
trend and solution proposed to date. The contribution is on the state of the art of the multidimensional modeling design. 
INTRODUCTION 
Data Warehouse (DW) is an integrated repository where data from organization’s heterogeneous data sources 
were extracted and put into a structure (e.g. multidimensional (MD) model) that is easily accessible by decision 
makers. This huge data can be converted into strategic information used to support the decision making process by 
the use of appropriate tool (e.g. Online Analytical Processing (OLAP) tool). In MD model, the schema is made up of 
facts, measures and dimensions. Facts are the focal point of decision-making process (e.g. sales, enrollment, etc.) 
that can be analyzed through its measures and dimensions. Measures are numerical measurement (e.g., quantity of 
sold product, number of on-time graduates, etc.), and dimensions represent the analysis framework or perspective 
for measures (e.g., time, category, state etc.) [1]. OLAP tool can best extract relevant data from DW based on this 
multidimensionality. 
While there is still no explicit agreement on a DW design activities, most of the proposed approaches in the 
literature seems to agree on the five main phases comprises of requirement analysis, conceptual design, logical 
design, extraction, transformation and loading (ETL) design and physical design [2] [3]. Figure 1 illustrates the 
approved five phases of the DW design process. The requirement analysis and conceptual design are the crucial 
phases in the DW development process [3]. This is because the two phases are the key to the development of proper 
MD model that satisfies user requirement and guarantees the data sources availability. In conceptual design phase, 
which is the focus of this study, the output is the technology-independent MD model that contributes to the basis of 
the effective representation of data in DW [6]. Nevertheless, the DW process has been known as a complex task that 
requires systematic and structured approach to guarantee its success [4] [5]. Therefore, there have been various 
approaches proposed to overcome the complexity of the task. The different approaches are presented in the next 
section.  
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FIGURE 1. Data warehouse design activities 
The objective of this study is to present the literature of DW design process related to its conceptual design 
(MD modeling) in their respective approaches. In addition, issues, trend and solution are discovered and 
highlighted from this study. The contribution is on the current state of the Multidimensional (MD) modeling 
design approaches. 
MULTIDIMENSIONAL MODEL APPROACHES 
 
In MD modeling, the initial common approaches were on the requirement-driven (or demand-driven) and data-
driven (or supply driven) and later the hybrid approach was introduced to take advantages on both approaches. In 
requirement-driven approach, the conceptual design is based on the information needs of decision makers while data 
sources are considered separately during ETL activities. On the other hand, data-driven approach is based on a 
detailed analysis of data sources and information needs of decision makers are considered later after the 
implementation of the conceptual design. A hybrid approach seeks to combine both the requirement-driven and 
data-driven to design a DW from data sources, but taking end-users’ needs into account. The following are the 
narrative order of the selected works: 
Kimball [7] proposes a requirement-driven approach by giving informal guideline in identifying MD elements 
based on example. Kimball approach to DW design is actually from the building of the data marts which interest to 
particular organization. Thus, the approach starts with the identification of data marts, identification of dimensions 
and construction of fact by the three-step rules which consist of determining the grain of detail, choosing the 
dimensions for the fact table and adding measures to the fact.  
Winter and Strauch [8] introduce a requirement-driven approach by giving high priority and comprehensive 
coverage to the information requirement analysis from case study of 4 years collaborative projects involving several 
large companies, and partly from literature review. The methodology with incremental approach comprises of four 
phases which are Initialization, “As is” analysis, “To be” analysis and modeling.   
Prat et al. [9] present a requirement-driven approach focusing on the transformation from conceptual to logical 
and physical design of DW by using Unified Modeling Language (UML) standard. They used interviews, joint 
session and report analysis to elicit user requirements but no formal guideline was discussed. 
Prakash and Gosain [10] suggest a requirement-driven approach where they use organizational goals to identify 
DW information content.  From the organizational goals, the Goal-Decision-Information (GDI) schema is created 
from the set of goals, decisions and information. The information requirements to support decisions are then 
formulated into the technical form using Specification SQL (SSQL). 
Sarkar [11] present a requirement-driven approach on the emphasis of thorough requirement analysis. For this 
purpose, they have developed a Business Object (BO) based requirement analysis framework which consists of three 
main steps namely, Early requirement Analysis, Detailed Requirement Analysis and Mapping.  
Golfarelli et al. [12] propose a data-driven approach that focus on the analysis of the data sources to come out 
with the conceptual design which is based on Dimensional Fact Model(DFM). The DFM is a model that builds 
cubes and dimensions starting from the relational or Entity Relationship (ER) schemas of the data sources.  In this 
approach, the methodology to carry out the conceptual modeling is semi-automatic in which it is based on an 
algorithm that generates an attribute tree representing an integrated data source. Designer can edit the tree by adding 
and removing new nodes or change the parent nodes. 
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Phipps and Davis [13] introduce data-driven approach that automatically generates conceptual schemas using 
Multidimensional ER (ME/R) model that consider input from OLTP relational schema. They introduce an algorithm 
to automatically create the whole candidate conceptual schemas from OLTP data sources. After all the candidate 
schemas have been created, the evaluation algorithm is used to refine the derived schema to ensure user 
requirements are met.  
Moody and Kortink [14] present an approach for developing MD schemas via an ER model. Although they 
were not the first to use an ER model, they presented a structured, formal methodology for developing conceptual 
schema. However, the approach was done manually. 
Jensen et al. [15] propose a semi-automatic data-driven approach that uses data mining technique to identify the 
MD elements in relational model automatically. However, the fact elements need to be manually identified by users. 
The final output is the snowflake schema derived from the hierarchies of dimensions discovered. 
Romero and Abello [16] propose a fully automatic user-centered data-driven approach named as AMDO 
(Automating Multidimensional Design from Ontologies) consist of three main steps starting from data sources 
analysis, multidimensional concept discovery and schema generation.    
Hachaichi and Feki  [17] propose an automatic data-driven method starting from object oriented database. The 
method consists of three phases which are schema retrieval, MD concepts construction and schema refinement. They 
present an algorithm to extract relevant MD concepts to produce the relevant DFM.   
Cabibbo, and Torlone [18] propose a sequential hybrid approach that consists of four steps starting from 
identification of facts and dimensions, restructuring of the ER schema, derivation of a dimensional graph and 
translation into the multidimensional model. This methodology is done informally by example of Retail database 
and no explicit rules are given and most of the activities carried out manually. 
Bohnlein and Ulbrich-vom Ende [19] present a pure hybrid approach that produce conceptual schema using 
Structured Entity-Relationship (SER) diagrams from operational data sources. This approach adopts a business 
process modeling technique Semantic Object Model (SOM) in capturing user requirements through business 
process. The approach consists of three main steps starting from identification of interested business measures, 
identification of dimensions and hierarchies; and star schema creation.  
Bonifati et al. [20] present a parallel hybrid approach that consists of three main steps starting from user 
requirement collection, detailed analysis of data sources and finally schema integration. In user requirement 
collection activities, interviews are done to collect information regarding organization goals and needs from 
respective stakeholders using a set of forms from Goal/Questions/Metric (GQM) model [28]. In data source analysis 
step, the ER schema is converted into a star join graph automatically. Finally, the two schemas from both steps 
earlier are integrated and ranked in semi-automatic way. 
Giorgini et al. [21] propose a sequential hybrid approach which based on the Tropos methodology [29] that 
takes two perspectives of stakeholders’ goals (organizational modeling) and the decision makers’ goals (decisional 
modeling). In this approach, the information requirements are collected using interviews with stakeholders 
(organizational modeling) and decision makers (decisional modeling) using template forms where then the actor and 
rationale diagrams were generated from those requirement findings.  The diagrams produced are then used to map 
with the data sources following three steps of requirement mapping, hierarchy construction and schema refinement.  
Mazon et al. [22] present a sequential hybrid approach which start with requirement analysis using i* 
framework [21]. The i* framework is adapted to model the organizational goals and information requirements for 
DW. The conceptual schema from requirements (expressed in UML standard) is then automatically verified with 
data sources’ relational schema using Query/View/Transformation (QVT) relations [12]. 
Romero and Abello [23] propose another pure hybrid approach where they consider user-requirements and 
data sources simultaneously. This approach automates most of the design tasks in a hybrid manner and deals with 
relational data sources. In this approach, user requirements are formalized into SQL queries by users. Then, the SQL 
queries will be validated using Multidimensional Design by Examples (MDBE) whether each of them can produce a 
meaningful multidimensional cube and a graph of a multidimensional model is created.   
Francesco et al. [24] present a sequential hybrid approach that covers from requirement analysis until the data 
modeling part. The proposed methodology introduces the two additional steps of attribute tree generation which can 
be done automatically and advanced data modeling which is done manually. This approach use the i* framework 
[30] to capture user requirements and extended DFM [12] for data source view in the reconciliation process. In their 
approach, the formalization of user requirements is represented using UML.  
Thenmozhi and Vivekanandan [25] come out with a hybrid approach that concerns the semantic issues that arise 
due to the heterogeneity of the data sources. Their approach consists of a comprehensive framework that produce 
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MD schema from several ontology sources based on requirements. In this approach user requirements and data 
sources are conciliated at early design stage. They use a set of ontology matching algorithm in the conciliation 
process. Then, reasoning algorithms are used to automatically produce the facts and dimensions.   
Elhaj and Jamel [26] suggest a parallel hybrid which combines business user requirements and structured data 
sources in semi-automatic way emphasizing on the involvement of DW designer throughout the process. They also 
highlighted the importance of ontology usage in order to overcome the semantic and heterogeneity issues. However, 
they propose to use general semantic resource of WordNet as they claim could reduce time and cost of the design. 
However, the proposed method is yet to be tested using prototype.   
Aljawarneh [27] propose a hybrid approach that combines requirement-driven (user oriented and business 
process oriented) and data-driven in sequential manner. For requirement elicitation, they conducted interviews with 
three levels of managerial users (strategic, managerial and operational levels) to ensure the comprehensiveness of 
user requirements. The outcome from the interviews is a preliminary requirement specification document that 
contains a prioritized list of business process. Then, the operational data sources are examined to ensure the user 
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From the literature, the main issue arise from the proposed approaches are too much dependency on designer’s 
expertise and heavy burden to them in case of huge data sources involved in the DW project. The issue would  result 
in the overlooking of important hidden analysis potentials in the data sources. The proposed solution is to automate 
most of the design task. In order to automate the task, the formalization of user requirement and ontology seems to 
be necessary.  Therefore, from the comparative analysis, we could see the trend of the requirement analysis process 
is shifting from informal to formal and structured task in eliciting requirements. On the other hand, the data analysis 
process is shifting from manual to semi-automatic or automatic task. However, the minor intervention from designer 
or user is necessary in order to ensure the optimum output. Apart from that, there is still lacking mechanism to 





CONCLUSION AND FUTURE WORK 
 
This study has presented a comparative study of MD modeling design approaches that have been practiced for 
DW development which comprised of requirement-driven, data-driven and hybrid approach (i.e. pure, sequential 
and parallel). In addition to narrative form, the comparison is tabulated in a table according to specific features. 
From the comparison, the trend in the design seems to adopt hybrid methodology with the emphasis on achieving 
automation on the most part of the design. The purpose is to relieve the burden on having to heavily rely on the 
designer’s expertise, to avoid time consuming task of huge data sources analysis and avoid overlooking potential 
analysis data in achieving the optimum output. In accomplishing the automation, the formalization of user 
requirements and use of ontology is seemed to be necessary.   
ACKNOWLEDGMENTS 
         This work is financially supported by Universiti Putra Malaysia, grant no. GP-IPS/2014/9433963. 
REFERENCES 
1. R. Kimball, and M. Ross. The Data Warehouse Toolkit. 2nd ed. (John Wiley & Sons, New York, 2009). 
2. S. Rizzi, A. A. Abello, J. Lechtenborger, and J. Trujillo. Research in data warehouse modeling and design: dead 
or alive?. Proceedings of the 9th ACM International Workshop on Data Warehousing and OLAP, (ACM, New 
York, 2006), pp.3-10. 
3. M. Golfarelli. From user requirements to conceptual design in data warehouse design: A survey. In: Bellatreche, 
L. (ed.) Data Warehousing Design and Advanced Engineering Applications: Methods for Complex 
Construction. (IGI Global, 2009). 
4. O. Romero, A.  Abello.  A Survey of Multidimensional Modeling Methodologies. International Journal of Data 
Warehousing and Mining, 5(2 ), 1-23 (2009). 
5. A. Cravero, S.  Sepulveda, S. A chronological study of paradigms for data warehouse design. Ingenieria e 
Investigacion, 32(2), 58-62 (2012). 
6. J. N. Mazon, J.  Trujillo. A hybrid model driven development framework for the multidimensional modeling of 
data warehouses. SIGMOD Record, (38), 12-17 (2009).   
7. R. Kimball. The Data Warehouse Toolkit: Practical Techniques for Building Dimensional Data Warehouses. 
(John Wiley; New York, 1996). 
8. R. Winter, B.  Strauch. Information requirements engineering for data warehouse systems. Proceedings of the 
2004 ACM SAC '04, New York, USA: ACM, (2004), pp.1359-1365.  
9. N. Prat, J. Akoka, I.  Comyn- Wattiau. A UML-based Data Warehouse Design Method. Decision Support 
Systems, 42(3), 1449-1473 (2006). 
10. N. Prakash, A.  Gosain. An approach to engineering the requirements of data warehouses. Requirements Eng, 
13(1), 49-72 (2008). 
11. A. Sarkar. Data Warehouse Requirements Analysis Framework: Business-Object Based Approach. International 
Journal of Advanced Computer Science and Applications, 3(1), 25-34 (2012). 
12. M. Golfarelli, D. Maio, S.  Rizzi, The dimensional fact model: a conceptual model for data warehouses. 
International Journal of Cooperative Information Systems, 7(2-3), 215-247 (1998). 
13. C. Phipps, K. C.  Davis. Automating data warehouse conceptual schema design and evaluation, In L.V.S. 
Lakshmanan (Ed.). Proceedings of 4th International Workshop on Design and Management of Data Warehouses, 
Toronto, Canada: CEUR-WS.org2002, (2002), pp.23-32.   
14. D. L. Moody, M. A. R.  Kortink. From ER Models to Dimensional Models: Bridging the Gap between OLTP 
and OLAP Design. Journal of Business Intelligence, 8, 7-24 (2003). 
15. M. R. Jensen, T. Holmgren, T. B.  Pedersen. Discovering Multidimensional Structure in Relational Data. Data 
Warehouse and Knowledge Discovery, (2004), pp.138-148. 
16. O. Romero, A.  Abello. A framework for multidimensional design of data warehouses from ontologies. Data & 
Knowledge Engineering, 69, 1138-1157 (2010b). 
17. Y. Hachaichi, J. Feki. An Automatic Method for the Design of Multidimensional Schemas From Object 
Oriented Databases. International Journal of Information Technology & Decision Making, 12(6), 1223-1259 
(2013). 
020063-5
18. L. Cabibbo, R.  Torlone,  Lecture Notes of Computer Science( (Valencia, Spain:Springer,1998). H. Schek, F. 
Saltor, I. Ramos and  G. Alonso , “A Logical Approach to Multidimensional Databases”, in Poceedings of 6th 
International Conference on Extending Database Technology, 1377, 183-197. 
19. M. Bohnlein, A. Ulbrich-vom Ende, Business Process Oriented Development of Data Warehouse Structures, in 
Data Warehousing 2000 – Methoden, Anwendungen, Strategien, edited by R.  Jung and R. Winter (Physica, 
Heidelberg, 2000), pp.3-21.  
20. A. Bonifati, F. Cattaneo, S. Ceri, A, Fuggetta, S. Paraboschi. Designing data marts for data warehouses. ACM 
Transactions on Software Engineering and Methodology, 10(4), 452-483 (2001). 
21. P. Giorgini, S. Rizzi, M.  Garzetti. GRAnD: A goal-oriented approach to requirement analysis in data 
warehouses. Decision Support Systems,45(1), 4-21 (2008). 
22. J. N. Mazon, J. Trujillo, J. Lechtenborger. Reconciling Requirement-Driven Data Warehouses with Data 
Sources Via Multidimensional Forms. Data & Knowledge Engineering, 23(3), 725-751 (2007). 
23. O. Romero, and A.  Abello. Automatic validation of requirements to support multidimensional design.  Data & 
Knowledge Engineering, 69(2010a), 917–942. 
24. D. T. Francesco, E. Lefons, F. Tangorra. Hybrid methodology for data warehouse conceptual design by UML 
schemas.  Inf. Softw. Technol, 54(4), 360-379 (2012), doi:10.1016/j.infsof.2011.11.004  
25. M. Thenmozhi, K. Vivekanandan. Ontology based Hybrid Approach to Derive Multidimensional Schema for 
Data Warehouse. International Journal of Computer Application, 54(8), 36-42 (2012) 
26. E. Elhaj, F. Jamel. Toward an Ontology Based Approach for Data Warehousing: State of the Art and Proposal. 
The International Arab Conference on Information Technology (ACIT2014), University of Nizwa, Oman, 
(2014), pp.170-179. 
27. I. M. Aljawarneh. Design of a data warehouse model for decision support at higher education: A case study, 
Information Development. (2015), pp.1-16. 
28. V. R. Basili, G. Caldiera, and H. D. Rombach. The Goal Question Metric Approach. Encyclopedia of Software 
Engineering, 2(1994), 528-532 
29. P. Bresciani, P. Giorgini, F. Giunchilia, J. Mylopoulos, A. Perini. Tropos: an agent-oriented software 
development methodology. Journal of Autonomous Agents and Multi-Agent Systems, 8(3), 203-236 (2004). 
30. E. Yu, Modelling Strategic Relationships for Process Reengineering, Pd.D. thesis, University of Toronto, 
(1995), available at ftp://ftp.db.toronto.edu/pub/eric/DKBS-TR-94-6.pdf 
 
 
020063-6
